Twenty-five colostrum-deprived lambs reared in isolation were inoculated with a US variant of ovine adenovirus serotype 6 (OAV-6) strain RTS -1 51 , Pasteurella haemolytica, or a combination of the 2 agents. Although severe pulmonary lesions were caused by each agent, the lesions were more severe and lasted longer with the combined infection. Lesions induced by OAV-6 alone developed 6-9 days after inoculation and lasted for 1 5 days, the length of the experiment. The lesions were characterized by suppurative inflammation at the junction of the terminal bronchioles and alveoli. Air spaces were filled with neutrophils and sloughed epithelial cells, which often contained large intranuclear inclusions. Lesions induced by P. haemolytica alone developed within 1 day and persisted for no more than 1 0 days and were characterized by severe pulmonary edema with variable amounts of fibrin. Lesions induced by the combined infection had aspects of each infection alone and resulted in severe disease in 4 of 8 lambs that were permitted to live more than 1 day after inoculation with bacteria. Early pulmonary lesions included edema, limited fibrin deposition, and slight purulent bronchiolitis and alveolitis. Later lesions included necrosis and more fibrin. For lambs inoculated with both pathogens, resolution was incomplete 1 5 days after inoculation of virus (1 0 days after inoculation of P. haemolytica). The results presented here corroborate previous findings indicating that the RTS -1 51 variant of OAV-6 is common in lambs and acts in concert with P. haemolytica to cause severe and often fatal pneumonia.
Preparation of inocula and experimental design have been reported. 1 4 OAV-6 inoculum was the supernatant from 4th passage OAV-6 strain RTS -1 51 propagated in ovine fetal cornea (OFC) cells grown in Eagle s minimal essential medium. Viral titer of the inoculum was 1 0 5.5 medium cell culture infective doses/ml. Cell culture fluid inoculum was sterile cell culture supernatant from noninfected OFC cells. B oth inocula were judged free of bacteria, including mycoplasma, following routine culture methods. Pasteurella haemolytica inoculum was prepared from P. haemolytica biotype A serotype 1 (A1 ) grown overnight on trypticase soy agar at 3 7 C, followed by culture in static tryptose broth at 3 7 C for 6 hr. The broth culture was diluted immediately prior to use to 1 .36 x 1 0 7 colony-forming units/ml. Sterile tryptose broth was used as the tryptose broth inoculum.
Twenty-five colostrum-deprived 1 0-2 0-day-old Columbia lambs reared in isolation were randomly assigned to 4 separate groups and inoculated at 5-day intervals with sterile cell culture fluid (S CCF) and sterile tryptose broth (S TB ) (n = 3 ), S CCF and P. haemolytica (n = 6) , or OAV-6 and P. haemolytica (n = 1 0) ( Table 1 ) . Virus and S CCF were injected transtracheally (2 ml) and intranasally (1 ml/nostril), and the bacteria and S TB were administered transtracheally (5 ml).
Lambs were euthanized at 1 , 4, and 1 0 post-bacterial-From the National Animal Disease Center, Agricultural Research inoculation days (PB ID) (6, 9, and 1 5 post-viral-inoculation turbinate, mediastinal lymph node, liver, kidney, spleen, and heart were collected for histopathologic examination. Tissues were fixed in 1 0% neutral buffered formalin and processed routinely for staining with hematoxylin and eosin. Upon opening the thoracic cavity and from black and white and color photographs of each lobe of the right lung, estimates made by 2 of the authors were averaged to calculate the percentage of lung affected 3 ,2 2 (Table 1 ) . Photographs were evaluated blindly. These average scores were used to calculate the statistical differences between treatment groups using a 2 x 2 factorial design studied across PBID. 2 1 These 2 5 observations between the 4 treatment groups (S CCF and S TB, S CCF and P. haemolytica, and the 6 measurement times (1 , 2 , 3 , 4, 7 , 1 0 PB ID) were used to determine the treatment effects (viral and bacterial), time effect, and their interactions.
Results
Alone and in combination, OAV-6 and P. haemolytica induced severe lesions in the lungs of lambs. The combination caused the most extensive lesions of the longest duration (Table 1 ). The anterioventral parts of the cranial and middle lobes of both lungs were most severely affected. In all lambs that survived the acute stage of the infection, the estimated percentages of the right lung affected gradually decreased. Lesions induced by OAV-6 were most severe at PVID 6-9 and were nearly resolved by PVID 1 5 (Table 1 ) . Lesions induced by P. haemolytica were most severe at PBID 1 -2 and were nearly resolved by PBID 1 0. Lesions induced by OAV-6 and P. haemolytica were most severe on PBID 1 -4 (PVID 6-9) and were incompletely resolved at PBID 1 0 (PVID 1 5). The data were analyzed in two stages. First, all possible main effects (viral, bacterial, time) and their interactions were included in the model. Analysis of variance showed that only the interaction between virus and time was significant. The second analysis contained all main effects and the interaction of virus x time. The bacterial and time effects were significant, with P values of 0.01 95 and 0.003 0, respectively. The virus effect was not significant (P = 0.1 63 8), but the interaction of virus x time was significant (P = 0.0065). This pattern increased for 2 -5 days after inoculation and then decreased but lasted longer and decreased more slowly for the groups with virus than the groups without virus. Thus, the changing patterns of the infection related to time are different in the groups with virus and those without virus.
Lesions in lambs inoculated with OAV-6 alone consisted of dark red, slightly depressed, irregular areas of consolidation, primarily in the ventral part of the cranial and middle lobes of the lungs (Fig. 1 ) . In 1 lamb, 1 00% of the middle lobe was affected. Mucopurulent exudate could be expressed from the cut surface of the consolidated lung . The mediastinal and bronchial lymph nodes were 2 -3 times normal size. No deaths resulted from the viral infection, and most lesions had resolved by PVID 1 5 (Table I ). S hrunken, irregular consolidated areas involving < 1 0% of a lobe remained in 1 lamb at 1 5 days. Microscopically, at PVID 6 there were bronchitis, bronchiolitis, and alveolitis characterized by accumulation of neutrophils and necrotic epithelial cells containing basophilic intranuclear viral inclusions in the terminal airways and surrounding alveoli. Intranuclear inclusions were present in a few epithelial cells in the trachea and nasal cavity. At PVID 9, the pulmonary lesions were similar to those at 6 days but there were fewer viral inclusions and severe hyperplasia of type II alveolar epithelium (Fig. 2 ) . B y PVID 1 5, the lesions were resolved except for a few residual macrophages and lymphocytes around bronchi and bronchioles and a few neutrophils in alveoli.
Lesions induced by P. haemolytica consisted primarily of pulmonary hyperemia, edema, and hemorrhage in ventral parts of all lobes of the lungs, with fibrinous pleuritis and pericarditis in some lambs (Fig.  3 ) . S ome had an estimated 1 0-50 ml of serous fluid in the thoracic cavity. Mediastinal and bronchial lymph nodes were enlarged 2 -3 times and edematous. One some fibrin and streaming neutrophils. In addition to lamb died at PBID 2 with severe pulmonary lesions these changes, the lamb that died on PBID 2 had mul- (Table 1 ) rophages in alveoli. At PB ID 1 0, the airways were cuffed with macrophages, lymphocytes, and neutrophils but the air passages and alveoli were normal.
Of the 1 0 lambs that were inoculated with both OAV-6 and P. haemolytica, 2 died and 2 became moribund and were euthanized on PB ID 2 -4 ( Table 1 ). The ventral 2 5-75% of the lobes of the lungs were dark red and consolidated (Fig. 4) . Some areas were edematous and slightly enlarged and others were collapsed. The lesions were predominantly ventral to the major airways of the lungs. A white, tenacious mucopurulent exudate could be expressed from the excised lungs of most lambs. Mediastinal lymph nodes were enlarged 4-5 times. Lesions in lambs examined at PB ID 3 -4 were similar in distribution to those examined earlier, but the lesions were more extensive and 2 of the 3 lambs had diffuse fibrinous pleuritis and pericarditis with excess serous fluid in the thoracic cavity (Fig. 5) . On PBID 7, the lesions were similarly distributed in the anterioventral parts of the lungs but were darker red, firmer, and less swollen than earlier lesions. There were foci of fibrin on the parietal and visceral pleura of 1 of 2 lambs, and both lambs had enlarged mediastinal lymph nodes. On PB ID 1 0, resolution of lesions had begun leaving multiple dark-red foci through the ventral part of the lungs and the posterior part of the left cranial lobe of 1 lamb was firm, collapsed, and gray. Microscopic lesions were present throughout the 1 5-day experimental period but were most severe on . At PBID 1 -2 , the lesion was a diffuse suppurative bronchointerstitial pneumonia characterized by emigration of neutrophils in intersti-tial tissues and accumulation of neutrophils, cellular debris, and sloughed epithelial cells in bronchi, bronchioles, and alveoli. Many of the sloughed epithelial cells contained large intranuclear viral inclusions. S ome alveoli contained fibrin and streaming neutrophils, and there were several foci of necrosis of parenchyma. The lambs examined at PB ID 3 -4 were all moribund or died following challenge. S uppurative bronchitis and alveolitis were extensive, often involving all acini in a lobule (Fig. 6) . Differences from the 1 -2 -day lambs were an increase in fibrin deposition and streaming neutrophils and a decrease in the number of viral inclusions. Foci of necrosis were increased in size and number, and some contained colonies of bacteria. Large foamy macrophages were prominent in alveoli adjoining the suppurative exudate, and there was hyperplasia of type II alveolar epithelium throughout the affected areas (Fig. 7) . B y PB ID 7, the epithelial hyperplasia was extensive, suppurative changes were decreased, and viral inclusions were rare. There was some fibrotic debris in the air passages and interstitium. S imilar changes were present at PBID 1 0, with increased epithelial and lymphoid cell hyperplasia, organized fibrin, and decreased neutrophil accumulation (Fig. 8) . Viral inclusions were rare.
Mediastinal lymph nodes from all lambs with pulmonary lesions were enlarged because of edema fluid and neutrophils in sinusoids. Relevant lesions were not present in the respiratory tract tissues of the shaminoculated control lambs or in other tissues, including trachea, turbinate, heart, liver, kidney, or spleen from the control or challenged lambs. and cytotoxins of P. haemolytica in calves. 2 3 However, results from another study indicated that endotoxin from E. coli would not induce the physiological changes cause by P. haemolytica. 2 0 Capsular polysaccharide from P. haemolytica also has been demonstrated to cause pulmonary edema and neutrophil emigration into the lungs of sheep 6 and may have contributed to the acute lesion.
The information presented here supports the concept that pulmonary disease is enhanced by dual infectious and along with published data 8-1 0,1 4,1 7 indicate that strain RTS -1 51 of OAV-6 is a contributor to pneumonia in lambs. 1 4.
